Background Recently, fixation of lateral compression (LC) pelvic fractures has been advocated to improve patient comfort and to allow earlier mobilization without loss of reduction, thus minimizing adverse systemic effects. However, the degree of acceptable deformity and persistence of disability are unclear. Questions/purposes We determined if (1) injury pattern;
Introduction
Lateral compressive forces cause the greatest number of pelvic ring disruptions [39, 50] . These injuries are often related to high-energy trauma and lateral compression fractures [3] are often caused by motor vehicle accidents [20] . Pure lateral compression fractures account for more than 57% of the pelvic fractures [56] . Lateral impact to the innominate bone occurs either directly or through the proximal femur and iliac crest; simultaneously, the pelvis on the side of impact rotates toward the midline [58] .
Although in the past, most pelvic injuries were managed nonoperatively [33, 51] , advances in fixation techniques and a clearer understanding of biomechanics led to more operative approaches [24, 38] . Over the past decade or two, fixation of lateral compression (LC) fractures has been advocated to improve patient comfort and to allow earlier mobilization without loss of reduction, thus minimizing the adverse systemic effects of bed rest [20, 44] . Lefaivre et al. [24] found that even LC I fractures according to Young and Burgess showed potential instability and complete sacral fractures in 48%. Biomechanically, pelvic stability especially depends on the integrity of the posterior structures [51, 56] . Approximately 45% of all pelvic ring disruptions include fractures of the sacrum [32] . Posterior displacement of greater than or equal to 1 cm is a common indication for reduction and fixation [3, 26, 37, 44, 48, 53] . Additional fixation of unstable injury patterns of the anterior pelvic ring should be performed [11] .
Many factors have been associated with worse functional outcome, including open fracture, sacroiliac joint disruption [8] , urologic injury [16] , neurologic injury [46] , open reduction and internal fixation, residual posterior displacement [8, 14, 29] , and psychological problems. Previous studies focused on unstable pelvic fractures but did not distinguish between Tile B and C fractures [14, 17, 29, 46] . A systematic review of the literature demonstrated better reduction quality, less pain, and improved undisturbed walking capacity for posterior pelvic ring fixation compared with nonoperative intervention [38] . With regard to LC pelvic fractures, the degree of acceptable deformity [1] and persistence of disability are unclear.
Therefore, we determined if (1) injury pattern; (2) demographics; (3) final posterior displacement; (4) L5/ S1 involvement; (5) associated injuries; and (6) time influence function, sexual dysfunction, and pain of operatively treated LC pelvic ring injuries.
Patients and Methods
Between June 2000 and June 2010, we treated 1635 patients with pelvic ring injuries. Nonoperative treatment was performed in 796 patients, whereas 839 were treated with surgery under one of the Current Procedural Terminology codes 27216, 27217, and 27218. Of these 839 operatively treated patients, 280 (33%) had outcome data. Based on mechanism and confirmed by imaging studies, 136 of these 280 patients had LC fractures. The indications for surgery were: (1) mechanical instability with examination under anesthesia; (2) posterior pelvic ring displacement [ 1 cm; (3) marked pelvic ring deformity with leg length discrepancy; and (4) associated ligamentous injury of the sacroiliac joint or fracture dislocation (crescent fracture). The contraindications for surgery were: (1) life-threatening comorbidities; and (2) impaction injury with \ 5 mm posterior displacement. We included patients C 16 years at the time of injury with obtained outcome surveys. We excluded 12 patients for followup less than 1 year and insufficient medical or radiographic data. Additional five patients were excluded because of age (one), initial nonoperative treatment (two), and external fixation for posterior treatment (two). This left 119 patients with a mean age of 39 years (range, 16-86 years). There were 52 of 119 (44%) males and 67 of 119 (56%) females with a body mass index (BMI) of 27 kg/m 2 (range, 18-46 kg/m 2 ). The minimum followup was 12 months (mean, 33 months; range, 12-100 months).
Each patient had three views of the injured pelvis. These were an AP view with the patient supine ( Fig. 1A) , a pelvic inlet view, and an outlet view [57] . Each patient had a CT scan ( Fig. 1B) with reconstruction of the pelvis that provided information on both extent of the injury and the magnitude of the posterior displacement. Furthermore, the CT defined injury to the L5 transverse process and/or L5-S1 joint injury extension. The diagnosis of LC injury was based on reported mechanism, clinical examination [36] , and radiographic criteria [2] . All patients underwent stress stability examination of the pelvis under anesthesia (EUA) and fluoroscopy to confirm instability. Although the EUA is controversial and subjective, fluoroscopic inlet view imaging of the translation and deformity of the anterior and posterior ring created by symmetrical LC force generated by an experienced pelvic surgeon can aid in operative versus nonoperative decision-making of minimally displaced complete fractures or fracture-dislocations of the posterior pelvic ring. Of the 119 LC pelvic ring injuries, 99 fractures (83%) were classified as B2 fractures and 20 fractures (17%) were classified as B3 according to Tile and AO/OTA classification. Different posterior injury patterns were observed (Table 1) . Using the Isler classification [19] , 24 of 119 (20%) involved the L5-S1 facet and the sacrum and were therefore further subdivided into 13 Type 1, four Type 2, and seven Type 3.
We recorded injury mechanism and potential contributing factors ( Table 2) . One hundred twelve of the 119 patients (94%) sustained high-energy trauma. Fortyeight of the 119 patients (40%) had an Injury Severity Score (ISS) greater than 15 and therefore were classified as polytrauma. Ten of the 119 patients (8.4%) had local soft tissue degloving (Morel-Lavellee lesion [41] ). Associated injuries were predominantly related to the trunk and lower extremities ( Table 3 ). Anterior pelvic ring injuries occurred in different patterns in 115 of 119 (97%) ( Table 4 ).
All procedures were performed as open or closed reduction and internal fixation of the posterior ring injury on a radiolucent table by three trauma fellowship-trained orthopaedic surgeons (CBJ, JRR, TJE). Approaches to the pelvis were based on the particular pattern of the injury, location of the fracture, associated injuries, and soft tissue involvement [14] . All patients had initial postoperative pelvic radiographs (AP, inlet, outlet) and CT ( 119 (94%). Anterior pelvic internal fixation was performed in 101 of 119 patients (85%). The initially applied external fixator was maintained to treat the anterior instability in seven of 119 patients (6%) (Fig. 2) .
Morel-Lavellee degloving injuries had excisional débridements, closure over suction drainage, and continued antibiotics until drains were removed. Postoperatively, patients had antibiotics and deep vein thrombosis prophylaxis. Patients were mobilized based on the constellation of pelvic and accompanying injury pattern. In general, nonweightbearing was continued for 3 months corresponding to the ipsilateral posterior pelvic injury. On beginning weightbearing, formal therapy was instituted working on ROM, strengthening, and conditioning.
Patients were evaluated at regular intervals of 2 weeks, 6 weeks, 12 weeks, 6 months, 1 year, and 2 years. Reports of pain with visual analog scale, erectile dysfunction, urinary dysfunction, and sexual problems were recorded. Radiographs consisting of AP, inlet, and outlet views of the pelvis were obtained at each interval. Functional outcome questionnaires were performed at 6 months, 1 year, and 2 years. The Short Musculoskeletal Function Assessment (SMFA) was chosen as a wellestablished, validated, and reproducible measure of health status with normative data [18, 47] . The SMFA consists of 46 questions representing six general health attributes: daily activity, emotional status, arm/hand function, mobility, dysfunction index, and bother index. The dysfunction index assesses the patient's perception of their functional performance, whereas the bother index assesses how much patients are bothered by problems in daily activity. The SMFA scores of 0 to 100 were compared with normative data [18] . A separate analysis was performed on Question 22 concerning sexual dysfunction and Question 46 concerning pain with a potential range of score of least (1) to worst (5) . Patients' work status was determined preinjury and at final followup. The first author (MFH), who was not involved in surgical treatment or patient care, evaluated reduction quality on the initial postoperative radiographs, initial postoperative CT, and final radiographs. Displacement can occur in three dimensions. Therefore, the greatest displacement comparing the posterior iliac crest and cephalad rim of the sacrum compared with the contralateral side on all three radiographs as well as anterior cortex displacement on CT was measured. We recorded loss of fixation and reduction based on the initial and final radiographs. Loss of fixation was defined as signs of screw loosening in combination with 3 mm additional displacement or 5 mm additional displacement without signs of implant failure.
Descriptive statistics were used to describe the demographics, determine range and variance of SMFA indices, sexual dysfunction, and pain. The injury pattern, final posterior displacement, L5/S1 involvement, and associated injuries were also described. We used t-tests to determine differences in SMFA subscores and pain when comparing groups of injury patterns, age, BMI, gender, posterior displacement, L5-S1 involvement, polytrauma, and lower extremity (LE), urologic, and neurologic injuries. A repeated measures analysis of variance with post hoc tests, Bonferroni if equal variances were present and Tamhane's T2 if variances were not equal, was used to determine differences in SMFA subscores and pain over the 6-, 12-, and 24-month time intervals. Significant variables were entered stepwise in a multiple regression model to determine the influence on SMFA subscores. Data were analyzed using PASW 1 18 (IBM, Armonk, NY, USA).
Results
We found no difference in SMFA subscores and sexual dysfunction at the final followup for patients with isolated sacral fractures compared with the group of patients that had iliosacral joint disruptions, iliac wing fractures, or bilateral lesions. No differences were noted between Zone 1 and Zone 2 sacral fractures. Those with Zone 1 sacral fractures experienced more pain ( Table 5) .
We found no differences in SMFA subscores for patients 60 years old or older compared with patients younger than 60 years old. Patients \ 60 years old experienced more pain (p = 0.009) than older patients at 6 months. No differences in SMFA subscores, sexual dysfunction, or pain were found for patients with BMI less than 30 kg/m 2 compared with patients with BMI greater than 30 kg/m 2 . No differences in SMFA scores, sexual dysfunction, or pain were noted comparing males with females ( Table 5 ).
The posterior reduction quality was less than 5 mm displacement in 99 of 119 (83%) and 5 to 10 mm displacement in 20 of 119 (17%). The grade of reduction did not cause a difference in any SMFA subscore or pain. At 6 months, patients with 5 to 10 mm posterior displacement had more difficulty with sexual intercourse than patients with \ 5 mm remaining displacement, but no differences were noted at any other time interval (Table 5) .
We found no differences in SMFA subscores or sexual dysfunction regardless of the underlying fracture in those with L5-S1 injuries compared with those without L5-S1 injuries ( Table 5) . At final followup, pain was greater (t = 2.368; p = 0.021) among those who did not have L5-S1 involvement. Three of the 119 patients (2.5%) reported sitting imbalance or pain. Thirteen of the 119 patients (11%) had gait impairment. Eighty patients (70%) returned to work with an additional seven (6%) returning to a different job as a result of the injury; 20 (17%) were not able to return to any kind of work.
We observed no differences in SMFA subscores or sexual dysfunction in polytraumatized patients compared with patients with isolated pelvic injuries ( Table 5 ). Polytraumatized patients reported less pain (t = 1.992, p = 0.050) at 6 months.
Patients with associated lower extremity injuries had worse SMFA subscores, sexual dysfunction, and pain ( Table 6 ). Persistent urologic and neurologic dysfunction was noted in nine of 119 (8%) patients and in 15 of 119 (12%) patients (Table 7) , respectively, but the only difference was sexual dysfunction with a urologic complication and mobility and pain with a neurologic injury ( Table 5) . Improvement in all SMFA subscores except arm/hand occurred at the 2-year interval compared with the 6-month interval (Fig. 3 ). Compared with normative data, patients with LC pelvic injuries had worse daily activity, emotional, mobility, dysfunction, and bother outcome measurements at all time intervals. Compared with normative data and known orthopaedic conditions, patients with LC pelvic ring injuries had worse bother and dysfunction indices than an acute upper extremity injury, an upper extremity repetitive motion disorder or osteoarthritis, or a LE repetitive motion disorder but better than a LE acute fracture or chronic osteoarthritis (Fig. 4) . 
Discussion
Unstable pelvic fractures create a burden of injury to the patient [54] . To reduce this burden, reduction and stabilization are considered resuscitative measures [43] and fixation of unstable LC fractures has been advocated. In dealing with pelvic trauma, thorough knowledge of pelvic anatomy, fracture mechanism/pattern, and stabilization techniques is necessary [10] . Surgeons must be aware of typical pathologies associated with pelvic trauma and of possible complications. They should also be able to estimate outcome after surgical treatment [42] . Many studies have been performed to elucidate the expected clinical outcome [5, 8, 14, 17, 22, 28, 33-35, 42, 46, 52, 53] . Most studies only include a limited number of patients (range, 23-122), different injury patterns (Table 8) , and are difficult to interpret because of poor followup, heterogeneity of the injury pattern associated with visceral and neurologic injury, and the lack of a reliable outcome measure for pelvic injuries [9] . There are limitations associated with our study. First, patient followup was limited to complete sets of surveys; these constituted 33% of the total number of operatively treated patients. It is unclear to what degree patients not followed were doing well and chose not to return or doing poorly and sought treatment elsewhere. Thus, the findings could be biased by either over-and underreporting of disability. However, all patients had pre-and postoperative radiographic and CT evaluation of screw placement and fracture reduction quality. All surveys were prospectively gathered at predetermined time intervals. Second, our data were generated from a single trauma center with similarly fellowship-trained orthopaedic surgeons treating the patient cohort. Limited variations might have biased the treatment indications and outcomes and thus affected the generalizability of the data. On the other hand, consistency and predictability of operative indication, implant type, and rehabilitation regimen likely lessened variability. Third, because the pain score was modified from SMFA Question 46, bias and misinterpretation of the question might have resulted. Fourth, one of the problems using general health scores is the lack of discriminating ability when assessing patients with multiple injuries [53] . Postoperatively, although the SMFA has been validated for orthopaedic injuries, the SMFA score may not adequately address the complication or additional medical treatment required after the injury, but compared with the SF-36, it does inquire about sexual function.
LC fractures are usually a result of high-energy trauma. We found a heterogeneous distribution of posterior injury patterns with almost 50% being true sacral fractures, which is in concordance with previously described 45% sacral fractures in pelvic ring disruptions [32] . Historically, varying prognoses for functional healing and outcome were related to these injury patterns [8, 25] . Diagnosis of the posterior injury pattern is essential [2, 36, 49] and the surgical procedure needs to correspond to the injury pattern, soft tissue integrity, and associated injuries [13] . Comparing injury patterns, we found no difference in SMFA scores in the final followup for patients with true sacral fractures compared with patients with sacroiliac joint disruptions, iliac wing fractures, or bilateral lesions. Appropriate surgical treatment leads to a reliable functional and clinical outcome.
Pelvic fractures in elderly patients have been related to higher mortality and worse outcome [7] . In our study, patients younger than 60 years old had higher pain levels, but no differences in SMFA and all subscores were found for patients C 60 years compared with younger patients. Difficulties in operative treatment of pelvic fractures in obese patients have been described [4] and higher complication and reoperation rates have been reported [45] . In contrast to published series, we found no differences in clinical outcome for patients with increasing obesity. When interviewed after a pelvic ring fracture, 45% of women reported feeling less sexually attractive as a result of their injury and 39% reported a decrease in sexual pleasure [31] . Our series did not demonstrate a difference related to sexual functioning or all other subscores between male and female patients.
Residual posterior displacement has been reported to influence postoperative outcome [8, 14, 29, 30] . Near anatomic reduction of the posterior elements can be achieved and should be expected. We found no persistent posterior displacement [ 1 cm. Comparing reduction quality, patients with [ 5 mm persistent displacement had more difficulty with sexual intercourse at the 6-month interval. This is consistent with previous findings [6] . No other correlation with any functional outcome measurement or return to work was observed.
Twenty-six percent of our patients had an associated fracture of the L5 transverse process. Injuries of this kind may be frequently underestimated or missed, because routine radiologic diagnostic efforts do not provide adequate information to evaluate this area or the examiner's eye does not focus on these injuries. In historic studies, the overall incidence of pelvic ring injuries with associated lumbosacral lesions was 6% and the recognition was clinically relevant [19] . L5/SI joint dislocation, subluxation, or displacement can impede successful closed reduction attempts of the associated sacral fracture [19] . Isler [19] stated that traumatic destruction and subsequent posttraumatic degeneration of lumbosacral facet joints might be an important etiologic factor for the lumbosacral pain that frequently persists after pelvic ring injuries. We found no difference in chronic back pain in patients with or without L5/S1 involvement. Further analysis with larger studies might elucidate differences in outcomes in fractures with L5/S1 involvement.
LC forces acting on the pelvis occur commonly as a result of high-energy injury [15] and are therefore often related to other injuries [38] . We found 94% of the patients were involved in a high-energy mechanism leading to ISS greater than 15 in 40% of the patients. Surprisingly, the clinical outcome between polytraumatized and nonpolytraumatized patients was similar. Associated LE injuries were associated with worsened clinical outcome, especially in the mechanically relevant subscores (daily activity, mobility, dysfunction, and bother). Larger numbers may elucidate which LE injuries determined or weighted the worst outcomes. Urologic injuries were related to LC pelvic injuries in 12% of the cases. This supports earlier studies [9, 27] . A strong association between urethral disruption and subsequent impotence is well documented, but erectile dysfunction appeared associated with distraction rather than compressive injuries [16, 21] . We observed 7.6% of persistent urologic problems, which were not related to any worsening of SMFA index. Previous studies showed improved short-term outcome with pelvic stabilization [12, 23] , but also continued poor outcomes have been reported [40, 55] . In this study, improvements of all functional outcome measurements (except hand/arm as expected) with time were noted. Compared with normative data, patients with LC pelvic injuries had worse mechanical and subjective (bother and emotional) subscores at all time intervals. The indirect or economic costs of an injury are difficult to measure. Chronic pain with less than 50% returning to previous work status has been reported [9] . We could show that a majority of patients were able to predictably return to work. Therefore, surgical expertise treating these fractures may reduce overall costs. The 6-month pain score of four or higher, on a 10-point visual analog scale, determined a worse final pain score and emotional outcome measurement. Further analysis into pain and how patients interpret pain should be performed and could direct treatment, rehabilitation, and activity status.
Our data suggest surgically treated unstable LC pelvic injuries improve with time but result in persistent impairment and permanent long-term disability based on validated outcome measurements. With SMFA, patients with LC fractures reported impaired health with the majority of subscores compared with the general population, illustrating the severity of disability after these injuries. These findings were consistent in both genders. This indicates these injuries affect patients across all major dimensions of health, not only physical, but also mental and social functioning. Although the findings need to be confirmed in studies with high rates of followup, patients with unstable LC pelvic injuries should be counseled concerning long-term function.
